Introduction {#section1-2058-5241.1.160002}
============

The European population is forecast to become slightly smaller in the coming years, yet a significant increase in population age is expected.^[@bibr1-2058-5241.1.160002]^ Today one in four patients in the United Kingdom is over 75 years of age.^[@bibr2-2058-5241.1.160002]^ Predictive studies expect this to rise to over 40%.^[@bibr3-2058-5241.1.160002],[@bibr4-2058-5241.1.160002]^ Life expectancy is increasing at a continuous rate, due to higher living standards and medical treatment with early detection programmes for different diseases. In addition, the fertility rate in the European Union is expected to remain below the natural population replacement rate in the coming years, thus further increasing the problem.^[@bibr1-2058-5241.1.160002]^

Complicating this demographic development is the increased morbidity and mortality in elderly polytrauma patients. Estimations have shown mortality rates of more than double in this population, amounting to over 40%.^[@bibr5-2058-5241.1.160002]^ Knowledge and careful consideration of existing comorbidities are important, as an overwhelming majority of patients over the age of 65 has at least one comorbidity,^[@bibr6-2058-5241.1.160002]^ which is considered as an independent predictor of mortality.^[@bibr7-2058-5241.1.160002]^

Most studies define the elderly patient as above the age of 65; however, different age cut-offs between 55 and 80 years are given^[@bibr8-2058-5241.1.160002]^ and sometimes further differentiated between 'old' and 'very old'. Unless otherwise stated, the definition of elderly used in our current work refers to patients over the age of 65.

Physiological changes in the elderly {#section2-2058-5241.1.160002}
====================================

Ageing is characterised by the inevitable decline of the organs' individual, and the body's overall, function. These physiological changes exist regardless of comorbidities. This leads to a decreased physical reserve that is unmasked during severe trauma.^[@bibr9-2058-5241.1.160002]^ Thus mortality rates in the elderly are increased, even when controlling for existing comorbidities.

Illustrating this reduced physiological reserve most impressively is the fact that cardiac stroke volume is reduced by almost 50% in the 80-year-old patient, when compared to healthy 20-year-olds.^[@bibr10-2058-5241.1.160002]^ This is associated with a reduced reserve of endogenous catecholamines, limiting the body's ability to respond to shock and the challenge of blood loss. Further complicating volume response is the fact that the kidneys' functional reserve decreases gradually with age. A 30-40% reduction of glomeruli has to be expected in patients over 65 years of age. Due to age-related changes in the collagen structure of the lung and atrophy of the intercostal muscles, compliance and physiological reserve of the lungs are also decreased.^[@bibr4-2058-5241.1.160002]^ Furthermore, osteoporosis with its significant changes in bone architecture and mineralisation has to be expected. This leads to an increased frequency of fractures around the proximal femur and spine.^[@bibr11-2058-5241.1.160002]^ Lastly, the immune response in the elderly is changed. A relative increase of memory cells is seen, while native T- and B-cell numbers are decreased. Consequently the immune response is slower and less intense, leading to increased infection and wound complication rates.^[@bibr12-2058-5241.1.160002]^

Comorbidities {#section3-2058-5241.1.160002}
=============

Cardiovascular {#section4-2058-5241.1.160002}
--------------

The prevalence of often multiple comorbidities increases with age. Data from Nikkel et al of over 30 000 geriatric patients with proximal femur fractures gives a good indication of the comorbidities to be expected in the elderly trauma population.^[@bibr6-2058-5241.1.160002]^ In patients over the age of 55 years, at least two (23.3%) or three (22.8%) comorbidities of any kind have to be expected. The leading cause of comorbidity in this population at 67% is hypertension, hence blood pressure averages are higher, and levels considered normal in younger populations should be viewed with suspicion.^[@bibr13-2058-5241.1.160002]^ The systemic vascular resistance can be increased despite relative hypovolemia, and cardiac output is decreased due to the reduced ability to increase heart rate and contractility. Early invasive blood pressure measurements should be considered especially in haemodynamic shock, as mean arterial pressure is more reliable invasively and less affected by small vessel vasoconstriction.^[@bibr14-2058-5241.1.160002]^ To adjust to the lower contractility reserve, smaller doses of volume replacement should be used than in younger patients ([Table 1](#table1-2058-5241.1.160002){ref-type="table"}).

###### 

Common comorbidities, physiological changes and consequences in the elderly

  -----------------------------------------------------------------------------------------------------------------------
  Comorbidity                                        Physiological change            Consequences
  -------------------------------------------------- ------------------------------- ------------------------------------
  Hypertension                                       ↑ Vascular resistance           Hypovolemic state masked

  Coronary artery disease/congestive heart failure   ↓ Chronotropic reserve\         Dysrhythmia\
                                                     ↓ Contractility                 ↓ Heart rate response\
                                                                                     ↓ Cardiac output

  Renal insufficiency                                ↓ Glomerular filtration rate\   ↑ Risk electrolyte imbalance\
                                                     ↓ Drug metabolism               ↑ Risk fluid overload

  Chronic pulmonary disease                          ↓ Compliance/vital capacity     ↑ Risk ARDS\
                                                                                     ↓ O~2~ levels\
                                                                                     ↓ Response to hypoxia

  Diabetes mellitus                                  Impaired glucose tolerance\     ↑ Risk infection\
                                                     ↑ Blood-glucose                 ↑ Risk cardiac/renal complications
  -----------------------------------------------------------------------------------------------------------------------

Anaemia and fluid balance {#section5-2058-5241.1.160002}
-------------------------

The next most common comorbidities are deficiency anaemia, as well as fluid and electrolyte imbalances. Concerning anaemia, especially in patients with severe comorbidities, no difference was shown between liberal blood transfusion regimes (trigger at 10 g haemoglobin per decilitre) and restrictive transfusion regimes (trigger at 8 g haemoglobin per decilitre) in elderly patients with proximal femur fractures. The studies conclude that it is safe to withhold blood transfusions, even below a threshold of 8 g haemoglobin per decilitre, as long as no physiological symptoms of anaemia are present.^[@bibr15-2058-5241.1.160002]^ However, these physiological symptoms of volume depletion are not always present in the polytraumatised patient and careful consideration of the accompanying risk factors (such as low cardiopulmonary reserve) is necessary. Volume management is further complicated by renal failure, another common comorbidity. With a decreased overall glomerular filtration rate in the geriatric population, the risk of electrolyte imbalance and fluid overload is increased. Ringer solution and small volume resuscitation have been identified as beneficial to prevent hyperchloraemic acidosis, which is associated with the use of normal saline.^[@bibr16-2058-5241.1.160002]^

Chronic pulmonary disease {#section6-2058-5241.1.160002}
-------------------------

Chronic pulmonary disease was identified as the fourth most common comorbidity, with over 20% prevalence. This leads to reduced vital capacity and lung compliance. Increasing the risk for pulmonary complications are congestive heart failure, prolonged surgery, advanced age and low serum albumin (\< 30 g per litre).^[@bibr17-2058-5241.1.160002]^ Chest radiographs and spirometry have limited value as risk stratification tools. Careful post-operative management is needed if pulmonary complication risks are identified. Serum albumin levels should be corrected in the immediate care phase.

Diabetes mellitus {#section7-2058-5241.1.160002}
-----------------

Diabetes is an important comorbidity as an independent risk factor for cardiac complications, heart failure, renal failure, infections and overall mortality. To adequately reduce the peri- and post-operative complication risk, the American College of Endocrinologists recommends a glucose level below 110 mg per decilitre.^[@bibr18-2058-5241.1.160002]^

Anticoagulant therapy {#section8-2058-5241.1.160002}
---------------------

Another often-underestimated risk factor in the geriatric population is treatment with anticoagulants. For the most commonly-used anticoagulant, aspirin, the risk of perioperatively increased bleeding was shown to be clinically irrelevant. However, clopidogrel was shown to have no significant effect on bleeding, transfusions, length of surgery or hospital stay.^[@bibr19-2058-5241.1.160002]^ Vitamin K antagonists, however, need to be interrupted and replaced by either unfractionated heparin or low molecular weight heparin, as soon as the Vitamin K antagonist is outside its therapeutic range. The administration of prothrombin complex concentrates allows an immediate INR correction without delaying surgery.^[@bibr20-2058-5241.1.160002]^ Newer oral anticoagulants such as dabigatran, apixaban and rivaroxaban might delay surgery, as there is still no antidote available.

Mechanisms of injury {#section9-2058-5241.1.160002}
====================

The mechanisms of injury are markedly changed in the elderly patient, and are in themselves changing with further increasing age. The most common mechanism of injury in seriously injured geriatric patients is a fall (over 60%), motor vehicle accidents (over 20%), or pedestrian injuries (around 5%).^[@bibr21-2058-5241.1.160002]^ Low-energy falls account for over 50% of the traumatic deaths in patients over 65 years of age.^[@bibr22-2058-5241.1.160002]^ The likelihood of an injury sustained from a fall further increases with age, from 49.2% between 65 and 74 years, to over 80% in patients over 85 years of age. The increased risk is commonly attributed to physiological changes such as decreased peripheral sensory function, increased reaction time and cardiac comorbidities. The higher risk of fractures from these low-energy falls is associated with increased rates of osteoporosis in this population. The osteoporosis rate is predicted to rise in future even further, increasing the risk for low-energy fracture types.^[@bibr23-2058-5241.1.160002]^

Higher-energy trauma is sustained from motor vehicle accidents. Almost 15% of fatal traffic accidents involve an elderly driver.^[@bibr16-2058-5241.1.160002]^ As in low-energy falls, changes in patient sensory function are associated with the accident rate. Visual and musculoskeletal impairments lead to an increased reaction time and decreased ability to avoid traffic hazards. Despite travelling at slower speeds, the automobile accident risk has been shown to increase with advancing age.^[@bibr22-2058-5241.1.160002]^ The incidence for elderly pedestrian trauma is lower, but mortality rates increase, especially in pedestrian--vehicle collisions^[@bibr24-2058-5241.1.160002]^ ([Fig. 1](#fig1-2058-5241.1.160002){ref-type="fig"}).

![Seventy-six year old male polytrauma patient with Le Fort III fracture (a, b), severe lung contusion (c) and tibia shaft fracture (d). Treatment was performed with nail (e) and plate osteosyntheses (f).](eor-1-146-g001){#fig1-2058-5241.1.160002}

Even though other causes of injury are rare, special consideration has to be given to abuse and assault of the elderly. The few existing studies show incidence rates around one per cent,^[@bibr21-2058-5241.1.160002]^ with possibly a higher number of undetected cases. A high level of suspicion is required for patients where the resulting injuries are inconsistent with trauma history and signs of neglect are seen.

Injury patterns {#section10-2058-5241.1.160002}
===============

A knowledge of the typical injuries in elderly trauma patients is of great importance, since the severity and number of injuries can often be underappreciated in these patients.^[@bibr25-2058-5241.1.160002]^ Bony injuries to the extremities and pelvic girdle are common ([Fig. 2](#fig2-2058-5241.1.160002){ref-type="fig"}). Fractures of the pelvic ring are associated with severe blood loss and high mortality rates.^[@bibr26-2058-5241.1.160002]^

![Body regions with the most severe injuries, as reported by Richmond et al in over 35 000 injured elderly persons.^[@bibr21-2058-5241.1.160002]^](eor-1-146-g002){#fig2-2058-5241.1.160002}

Head and neck trauma is the second most common type of injury often associated with fractures and dislocations in the polytraumatised elderly.^[@bibr21-2058-5241.1.160002],[@bibr27-2058-5241.1.160002]^ Fractures of the C1-C2 level including the odontoid are the most common cervical spine fractures, and often result from simple falls.^[@bibr28-2058-5241.1.160002]^ Intracranial injury patterns also change with age. In the elderly, the dura mater adheres tightly to the skull, virtually eliminating the epidural space. The risk for epidural bleeding is thus decreased, while the risk for subdural hematoma is increased.^[@bibr16-2058-5241.1.160002]^ Caution is required, as subdural haematoma can present with relatively few symptoms in the elderly.

Chest injuries are common, with rib fractures often resulting from decreased bone quality due to osteoporosis and increased chest wall stiffness. These injuries need to be detected and corrected at an early stage, as pulmonary complications significantly increase mortality due to the limited functional reserve of the lungs.^[@bibr16-2058-5241.1.160002]^ Intra-abdominal injuries, especially to the great vessels, are common in the elderly and result in significantly higher mortality than in younger patients. Due to reduced elasticity and atherosclerosis, the ageing vascular system is more susceptible to acceleration and deceleration, increasing the overall risk for major bleeding.^[@bibr22-2058-5241.1.160002]^

Initial management {#section11-2058-5241.1.160002}
==================

In principle, management of the elderly should follow the guidelines of the Advanced Trauma and Life Support (ATLS) system. Several authors have noted however that the severity of injuries in elderly patients is often underestimated and under-triaged. The assessment of elderly patients in common trauma scores often results in unacceptable levels of under-triage, even in patients with potentially life-threatening injuries.^[@bibr27-2058-5241.1.160002]^ The rate of under-triaged elderly in multiple studies ranged between 15% and 49%, and resulted in inadequate care,^[@bibr25-2058-5241.1.160002]^ increasing overall mortality.^[@bibr29-2058-5241.1.160002]^ Unlike in younger patients, vital signs within normal limits are not reassuring in elderly patients. Heffernan et al. showed that the mortality rate increased significantly from 12% to 70% if an increased heart rate and decreased systolic blood pressure is noticed.^[@bibr30-2058-5241.1.160002]^ The threshold for early invasive cardiac monitoring in the emergency room should thus be low, to help identify and treat occult shock. Early aggressive treatment can limit organ hypoperfusion, preventing multiple organ failure and increasing survival.^[@bibr27-2058-5241.1.160002]^ The assessment of base deficit and serum lactate has been shown to have predictive value in the outcome after polytrauma, as increases in both are associated with significantly increased mortality in elderly patients.^[@bibr31-2058-5241.1.160002]^ Therefore, new triage criteria and scoring systems for the elderly need to be developed. When treating a polytraumatised patient over 65 years of age, the patient's age and comorbidities should always be accounted for and the relevant diagnostic studies initiated. By applying these simple triage considerations, studies have shown that the rate of under-triage can be significantly reduced.^[@bibr32-2058-5241.1.160002]^

Interdisciplinary care {#section12-2058-5241.1.160002}
======================

As studies have highlighted the benefits of early aggressive treatment, the threshold to admit elderly trauma patients to the intensive care unit should be low. This setting allows for thoughtful, continued management with invasive monitoring. For the post-acute care of elderly trauma patients, interdisciplinary treatment is indispensable in addressing the associated comorbidities.^[@bibr33-2058-5241.1.160002]^ Geriatric consultation can help to identify additional diagnoses unrelated to the trauma, further improving outcome. Kristensen et al showed that admission to an orthogeriatric unit in which a geriatrician assesses all patients in orthogeriatric units for relevant comorbidities^[@bibr33-2058-5241.1.160002]^ results in a better outcome, with a lower 30-day mortality among patients with hip fractures.^[@bibr34-2058-5241.1.160002]^ It is recommended that the leadership of the interdisciplinary team should remain with the trauma surgeon.

Long-term care {#section13-2058-5241.1.160002}
==============

The outcome in elderly trauma patients also depends on further nursing after discharge from hospital. Often elderly trauma patients require admission to a nursing home after their initial care. Kozar et al observed that geriatric nursing, using an acute care elderly unit model, may improve the outcome of the patient.^[@bibr33-2058-5241.1.160002]^ A home-like environment, including plans to prevent further disability and iatrogenic illnesses, as well as providing early discharge planning, may help in the treatment of elderly trauma patients after discharge. Appropriate rehabilitation programmes and orthogeriatric consultations can help to decide whether a patient can return home and continue independent living, or whether he/she will require permanent nursing.

Predicting outcome {#section14-2058-5241.1.160002}
==================

Predicting the outcome in elderly trauma patients can be a difficult and imprecise challenge. Most authors found the Injury Severity Score (ISS) to be the only significant predictor of outcome. Ferrera et al showed that an ISS \>25 is associated with significantly increased mortality rates.^[@bibr35-2058-5241.1.160002]^ The authors were also able to show that indicators of poor outcome were the presence of shock on admission, head injury, sepsis, GCS ⩽7 and comorbidities such as prior myocardial infarction and renal insufficiency. Medical complications, including cardiac events and pneumonia, as well as suffering from more severe head and neck injuries, seemed to have a higher rate of mortality.^[@bibr5-2058-5241.1.160002]^ Although age was again shown to be associated with a poorer outcome, no further outcome prediction was possible in patients over the age of 75 years.^[@bibr5-2058-5241.1.160002]^ This demonstrates that, along with all of the general considerations, it should always be remembered that each patient needs to be treated individually. Chronological age should merely be regarded as guidance, as it may not reliably represent the patient's biological age or extent of medical comorbidities.

Conclusions {#section15-2058-5241.1.160002}
===========

It is often taught that paediatric patients are not 'little adults', and perhaps equally as important is the fact that elderly patients are not merely 'older adults'. Orthogeriatric treatment concepts are developed worldwide, and research regarding this patient population has accelerated over the last few years. A simple PubMed search reveals that almost one-third of all publications concerned with orthogeriatric treatment were published during the last two years. Limited evidence already exists that demonstrates the effectiveness of tailored treatment regimens, improving outcomes in the elderly fracture population.^[@bibr34-2058-5241.1.160002]^ Literature on the polytraumatised elderly also suggests that outcome can be improved if rapid, tailored treatment is provided in specialised institutions.^[@bibr36-2058-5241.1.160002]^

Until further research establishes new management strategies, treating physicians should bear in mind current existing management guidelines, along with the special considerations required for the elderly patient.
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